1 9 2 0 3 1 interest and the classification accuracy for individual target region was quantitatively assessed. We 3 2 demonstrated that the pattern classifier could successfully differentiate BOLD activation pattern of 3 3 cortical and subcortical brain regions originated from each individual stimulation target. Moreover, 3 4
were included to regress out artefacts from time course. The beta coefficients of GLM with other 1 4 2 statistics were estimated. To obtain the group-level activation maps with significant voxel clusters 1 4 3 being determined for each of three groups, a statistical analysis (one-sample two-tailed t-tests; 3dttest 1 4 4 in AFNI) was applied to the individual GLM estimation results. The statistical threshold level was set 1 4 5 to p < .05 (t > 2.45; false discovery rate corrected [FDR] ). Region-of-interests (ROI) generation 1 4 8
We first divided each subject's brain into 73 regions according to the anatomical labels in the 1 4 9 atlas [29] and then applied singular vector decomposition (SVD) on the voxels' BOLD time courses 1 5 0 for each of the 73 regions [30] [31] [32] . The GLM parameter estimation (beta coefficients) followed, 1 5 1 yielding 73 beta coefficients in individual EPI datasets. Finally group-level statistical analyses were 1 5 2 conducted (2 nd level analysis; within-group, one sample t-test for each of STN, GPi, and NAc group; 1 5 3 between-group, two sample t-test for STN versus GPi, STN versus NAc, and GPi versus NAc). For comparing BOLD activity in the large areas and networks among targets, the range of 1 5 5 region-of-interests were expanded to a larger area (e.g., sensorimotor system) including anatomically 1 7 1 dimensional vectors from comparing groups (7 subjects x 5 stimulation blocks per subject x 2 1 7 2 comparing groups) were randomly partitioned to an equal size of k blocks (k=10). Each of individual 1 7 3 samples in k-1 blocks was labeled with a group label (STN, GPi, or NAc) for LDA training, and the on the number of samples that were correctly classified into their original group over the total number 1 7 8 of samples. For each of the five networks, the accuracy rates were averaged, and statistics (standard error 1 8 0 of mean) were calculated. To test the significance of group-classification accuracy, one-sample t-tests 1 8 1 were carried out for the accuracy rate of each network against the chance level. The empirical 1 8 2 threshold of the chance level in a two group classification varies with the number of data being 1 8 3 sampled [42]. Thus, chance was determined to be 59.8% in our study. Using the conventional voxel-wise analysis, we identified several cortical and subcortical 1 9 6 clusters of voxels that registered significant BOLD changes relative to the pre-stimulation baseline. As shown in Fig. 1 , numerous voxel clusters showed significant BOLD activation, reaching the The BOLD patterns for STN and GPi are consistent with previously reported findings [16] . In contrast, the corresponding regions. However, the subtle spatial variation of the stimulation locus within the 2 1 0 ventral striatum could result in a different BOLD pattern by way of increasing or decreasing BOLD. See the details of activated clusters in Table 1 and the list of abbreviations in Appendix A. that STN reduced the BOLD response in PMC ( Fig. 2a ) in the contralateral (right) hemisphere, while 2 2 0
GPi did not ( Fig. 2b ). NAc induced both an increase and decrease in BOLD activity in multiple 2 2 1 regions, for example, increased responses in the IC, Cl and PPf (Fig. 2c ), and decreased responses in the results of the regional BOLD analysis indicate that similar modulatory effects were induced 2 2 4 between both STN and GPi, but these effects were distinct from NAc DBS. See the complete results 2 2 5 for 73 regions in Supplementary Fig. S1 .
We also conducted between-group statistical tests in order to examine distinct region-level 2 2 7 BOLD responses ( Supplementary Fig. S2 ). No significant regional differences were found between 2 2 8 the STN and the GPi group, while the substantially different BOLD activity pattern was induced in the NAc group, compared to those of STN and GPi. We expanded our region-of-interests (ROIs) to larger cortical areas, and conducted between-2 3 6 group pattern classification analyses through multivariate pattern analyses (MVPA). As a result, we 2 3 7
found the presence of a distinguishable pattern among DBS targets in large cortical areas ( Fig. 3 ).
3 8
Specifically, STN and GPi stimulation induced a significant, distinct pattern in the ipsilateral visual, 2 3 9
auditory system, striatum, and contralateral sensorimotor system (p < .05; chance level accuracy, 2 4 0 59.8%) ( Fig. 3a) . It is noteworthy that no distinctions were detected from the region level analysis 2 4 1 ( Supplementary Fig. S2 ). Between the STN and NAc groups, we noted that the patterns of several 2 4 2 cortical and subcortical areas were different (Fig. 3b ). Such a salient distinction was not unexpected, 2 4 3 since from the regional BOLD analysis a large distinction was identified ( Fig. 2c ). GPi and NAc also from that of NAc. The pattern classification was applied to BOLD patterns of five disease-related brain 2 5 3 networks. We found that the accuracy of classifying the BOLD pattern network between the STN and 2 5 4
GPi group reached the level of statistical significance in the cases of the ipsilateral limbic/reward and 2 5 5 the contralateral BGTC-motor networks (p < .05; chance level accuracy, 59.8%) ( Fig. 4a ). Between example, an electrophysiological study in a non-human primate found that processing reward-related 3 0 0 information may affect neural activity in the STN [47] . In the case of humans, a broad range of effects cortical circuits, which highly likely related to therapeutic effects for movement and neuropsychiatric 3 2 7 disorders [33]. This will improve our understanding of the DBS impact on brain circuits, which 3 2 8 eventually helps to optimize the current DBS therapy. It should be noted that anesthesia and the electrophysiological properties of stimulation response, it is likely that the brain responses observed in our study were underestimated compared to 3 3 6 the non-anesthetized condition. However, we believe that our experimental design has already been thus the impact of anesthesia on the global brain less likely to mislead the current results of the Although our study did not show a correlation between direct behavior and stimulation-3 4 9
induced network effects, in part, due to the limitations of an animal study, yet we believe that our 3 5 0 approach can be used to explain or predict the behavioral manifestation, providing correlates to DBS-3 5 1 induced network effect. the electrode lead could be underestimated ( Supplementary Fig. S5 ). Although we excluded voxels 3 5 4
near the electrode lead in our analysis, the extent and magnitude of artifact still remains uncertain.
3 5 5
Future studies should quantitatively measure the potential impact on lead artifacts [83].
3 5 6
Our data showed that these DBS targets have the similar and dissimilar BOLD pattern features across brain networks, which were not readily detected in the previous studies that relied on unidentified network-level brain activity, which correlates therapeutic efficacy in clinical disciplines.
6 2
The target-specific clinical effectiveness of three DBS targets likely stems from its characteristic 3 6 3 network modulation in large-scale brain circuits. Au, primary auditory cortex; Neuroimage 63, 1408-1420. Neurosci Methods 192, 102-109. 
